As mitigation-and conservation-driven translocations of declining species escalate, establishing best practices for conservation practitioners is critical. A variety of factors, such as individual behaviour, may influence post-release behaviour and survival. Here, we explored the role of individual personality in predicting post-translocation survival and behaviour in juvenile desert tortoises (Gopherus agassizii). Using an experimental design with captive tortoises, we found that individual tortoises displayed clear personalities along bold-shy and investigative or exploratory continuums. Following release, personality correlated with burrow use and survival in the wild. Individuals with more exploratory personalities were encountered in burrows more often and experienced higher survival. Among the variables analysed, burrow use was also one of the strongest predictors of survival. Thus, we infer that exploratory tortoises were more likely to find and use refugia, which was beneficial to translocated tortoises. Dispersal after release was unrelated to personality, although males dispersed farther than females. Strikingly, females experienced a rate of mortality that was almost twice that of males, with no measured size differences between the sexes. We conclude that desert tortoise do have personalities which can influence survival following translocation, but which have limited implications for post-release dispersal.
INTRODUCTION
Translocations are widely used forms of wildlife management (IUCN/SSC 2013). Translocations, whereby animals are moved from one location to another, have been imbedded in the conservation management toolbox for decades. They are increasingly applied as a form of mitigation for endangered species (Germano et al. 2015; Sullivan et al. 2015) . Translocations have also been suggested for restoring ecosystem function via rewilding (Seddon et al. 2014) , as well as assisted colonization (Hoegh-Guldberg et al. 2008) . In spite of increasing use of translocation in conservation and mitigation efforts, the efficacy of such programs remains debatable (Dodd and Seigel 1991; Germano and Bishop 2009; Miskelly and Powlesland 2013) . In an effort to improve successful translocation outcomes, the impacts of numerous factors including life history, phylogeny, release strategy, disease, habitat, genetics, and source population have been investigated (Ewen et al. 2012; Griffith et al. 1989; Seddon et al. 2007; Wolf et al. 1998) . The application of theoretical principles from behavioural ecology show promise as one method to refine management approaches (Armstrong and Craig 1995; Swaisgood 2010) .
Individual variation in behaviour may predict which individuals will thrive or fail to establish following relocation (BremnerHarrison et al. 2004; May et al. 2016; Sinn et al. 2014) . Historically treated as statistical noise, individual variation in behaviour is now viewed as fundamental to ecological and evolutionary processes and is beginning to gain traction in conservation application (McDougall et al. 2006 ). This inter-individual variation has been given various nomenclature, including "temperament", "personality", and "behavioral syndromes", each with different definitions and methodological approaches. Here, we use the term "personality" to refer to consistent individual differences in behaviour that display repeatability across time (Carter et al. 2013) . Animal personalities are widespread across taxonomic groups and have broad implications within ecology and evolution, including concepts such as population stability and persistence (Réale et al. 2009; Sih et al. 2004; Wolf and Weissing 2012) . Personality traits (measureable components of personality) have been ranked on gradients such as bold-shy, explorative-avoidant, and aggressive-docile, and may influence risk-taking, antipredator behaviours, and other behaviours with measurable fitness consequences (Moller and Garamszegi 2012; Smith and Blumstein 2008) . As such, personality can be useful for predicting individual responses to environmental challenges (Moller and Garamszegi 2012) , such as those imposed by releasing animals into novel areas. Personality can affect an individual's suitability for participating in reintroduction programs (McDougall et al. 2006) by, for example, predicting dispersal behaviour (Sih et al. 2012) . Simultaneously, dispersal behaviour has quantifiable effects on the outcomes of translocation and reintroduction programs (Germano and Bishop 2009; Stamps and Swaisgood 2007) . As of yet, however, there are relatively few empirical examples delimiting relationships between personality traits and postrelease survival of translocated animals (but see (Bremner-Harrison et al. 2004; May et al. 2016; Sinn et al. 2014) .
We evaluated the role of personality traits and other individual-level traits in explaining translocation outcomes in Mojave Desert tortoise (Gopherus agassizii). Thus far the majority of translocations have been conducted with mammals and birds (Seddon et al. 2005 ), but there is growing momentum in their application to other taxa, including reptiles and amphibians (Germano and Bishop 2009) . Recent years have witnessed a sharp rise in mitigation-motivated translocations, in which wildlife are moved to reduce mortality during land development, especially among desert and gopher tortoises (Germano et al. 2015; Miller et al. 2014) . There is limited but growing knowledge of the long-term repercussions of mitigation-based tortoise translocations (Drake et al. 2012; Field et al. 2007; Nussear et al. 2012) . Refinement of desert tortoise translocation protocols is needed to support responsible conservation decision-making in an era of rapidly expanding development.
In the present study, we address two concepts in the desert tortoise: whether individuals possess personalities and to what extent they can influence translocation outcomes. There are limited studies demonstrating personality in reptiles (Carazo et al. 2014; Carter et al. 2010 ) and none published among tortoises. Thus, we first sought to establish statistical repeatability of behavioural traits in individuals. We then tested whether personality can predict postrelease dispersal and survival or if other characteristics-body size, sex, or refuge use-are better predictors. We close by evaluating potential lessons learned for future translocations and reintroduction programs.
METHODS

Study area
The Nevada National Security Site (NNSS), a United States Department of Energy reservation, is located approximately 100 km northwest of Las Vegas, NV USA. The NNSS is composed of approximately 3560 km 2 of desert terrain, access to which is highly controlled. Desert tortoises are found in low densities on the lower one-third of the NNSS, most commonly at the base and low slopes of the southern mountains, in areas where creosote bush (Larrea tridentata), white bursage (Ambrosia dumosa), and blackbrush (Coleogyne ramosissima) are the dominant shrubs. A total of 332 transects across 840 km, were used to develop a plan for implementation of actions proposed on the NNSS (USFWS 2009 ). An average of 0.2 tortoise sign (burrows, scat, carcasses, live tortoises, and egg fragments) were found per mile walked. In 1993, three 0.63 km 2 plots were surveyed. Six tortoises were found, which was too few to appropriately estimate local density (Mueller and Zander 1994) . While sign counts are not reliably correlated with tortoise density (USFWS 2011), sparse observations of tortoises or their sign suggest they have low relative abundances in the study area (Area 22). Thus, the area was identified to be suitable for population reinforcement as a means to buffer natural populations from localized extinctions. Within the study area, we selected three release sites, each at elevations approximately equal to 1000 m, and separated by approximately 1.1 km. Each of the three sites was characterized by the presence of a large wash, within which we confined releases.
Study animals
An important limitation to studies of personality and fitness is the failure of investigators to include potential factors confounding measures of personality (Smith and Blumstein 2008 ). Thus we measured or controlled for several intrinsic variables that could correlate with personality traits, including health, morphometries, and sex. Research was approved under Institutional Animal Care and Use Committee protocol #12-012 and required federal and state permits (USFWS #TE-08592A-2 and NDOW #506446).
Pre-translocation health assessment
We procured our study animals the Desert Tortoise Conservation Center (DTCC) in Las Vegas, Nevada, USA. We used juvenile tortoises with an estimated age less than 10 years. The histories and origins of these animals were, however, variable. Some animals hatched on-site and others were acquired through a hotline that accepted tortoises from the general public. Consequently, there is no information on the maternal or paternal identity or their exact age. In order to participate in this study, each animal had to meet the following criteria: be within 100-150 mm midline carapace length (MCL), clinically healthy with no signs of nasal exudate for 90 days, negative for Mycoplasma agassizii and M. testudinium antibodies, and able to pass an official DTCC translocation screen that assessed for disease indicators, body condition scores, and other indices of health. We selected 60 animals, each of which was considered to be in excellent health prior to their release. At the DTCC, juvenile tortoises were housed in predator-protected outdoor pens (3.5 × 3.5 m) and given food and water 3 times per week from March to October.
Pre-translocation sexing
Desert tortoises are not sexually distinguishable morphologically until approximately 180 mm MCL (Germano 1994) . However, sex can exert strong effects on adult behaviour, with male desert tortoises having home ranges that are typically twice as large as females and generally making significantly larger movements (Franks et al. 2011; Nussear et al. 2012) . Although juvenile desert tortoises likely have smaller home ranges than adults and are less likely to disperse long-distances after translocation than adults (Hazard et al. 2015; Nussear et al. 2012 ), sex differences may still affect individual variation in both. Therefore we used plasma testosterone levels to categorize sex following a protocol modified from that described by Rostal and colleagues (Rostal et al. 1994) . We drew between 0.4 and 1.0 mL of blood from the sub-carapacial vein using 25 gauge medical grade needles between 22 August 2013 and 13 September 2014. Blood samples were sent to the reproductive physiology division of the San Diego Zoo's Institute for Conservation Research, Escondido, California, USA. The plasma testosterone content (ng T/mL) was analysed using a radio-immunoassay with duplicate samples. Each sample was 100 µL of plasma extracted with 2.0 ml of ethyl acetate. We considered animals with testosterone levels <0.2 ng/mL female and those with >0.2 ng T/mL as male (Rostal et al. 1994) . Using this method, we ensured that the 60 animals were evenly split between males (n = 30) and females (n = 29), although one animal was of unknown sex due to inconclusive test results. We also ensured that body size was equivalent between males and females. Sexual dimorphism is unlikely to emerge until after adults reach reproductive maturity when growth rates between the sexes diverge ).
Behavioural tests
We kept testing bins (50 × 37 × 30 cm) in a climate-controlled room maintained at optimal temperatures (27.0-30.7 °C) for tortoise activity (Zimmerman et al. 1994) . We used four behavioural tests to measure personality traits. Two tests measured fear response after presentation of threatening stimuli ("predator" models), hereafter referred to as boldness. Two tests measured propensity to engage in investigative behaviours in the presence of novel stimulation-exploratory behaviour. Each tortoise was subjected to one boldness test and one exploratory test per testing day in a balanced fashion between subjects. We conducted tests at least 1 h apart and separated subsequent testing days by a minimum interval of 7 days. We randomized test order for each individual. Observers sat behind a hide or blind to avoid detection by the tortoise during testing.
Moving, approaching, or "looming" stimuli are perceived as a threat and often treated in a manner analogous to an approaching predator by prey species (Carlile et al. 2006; Regan and Vincent 1995) , and are thus suitable stimuli for evaluating boldness of individuals in the presence of threatening stimuli, and may additionally provide insights into antipredator behaviour. We designed two experiments that presented subjects with moving stimuli "predator" models, mimicking an attack by a raven (Test 1) and approach by a small mammal (Test 2). Juvenile desert tortoises have a number of known predators, including common ravens (Corvus corax) and antelope ground squirrels (Ammospermophilus leucurus: Hazard et al. 2015; Kristan and Boarman 2003; Nagy et al. 2015a ). We used a black plastic flying raven cut-out to simulate a raven. As a measure of responsiveness to small mammals, we affixed a toy mammal on the top of a small movable car (21 × 9 × 12 cm). These stimuli may or may not be perceived as predators by tortoises, but nonetheless variation in responsiveness is a valid index of boldness. The testing arenas (avian stimuli: 366 × 102 × 91 cm; terrestrial mammal stimuli: 366 × 35 × 91 cm) were constructed of corrugated solid white plastic. Using a removable divider, we partitioned arenas into 2 sections: an adjustment section and a testing section. We stacked three fishing lines, each affixed with its own raven, above the arena centre for Test 1. The flight path descended towards the adjustment area and ended such that the plastic raven was no longer visible. We subsequently conducted 3 trials for Test 1, such that an individual animal was exposed to 3 distinct raven attacks. The mammalian stimulus was also placed opposite of the adjustment area and pulled toward the animal via a string attached to the front axle during Test 2. Each animal experienced 2 mammalian approaches yielding 2 trials for Test 2. A fully extended head was required before observers initiated the next trial for both Tests 1 and 2. When the divider was in place, the tortoise could see neither the avian nor the mammalian stimuli. Each juvenile was given a minimum 5 min adjustment period and required to assume an alert posture facing the testing section prior to displacing the divider. We measured boldness by recording the total duration a tortoise spent with its head fully withdrawn into the carapace (latency to untuck) after an attack using a stopwatch.
We measured exploratory behaviour in the presence of novel stimuli using two tests: response to a novel object (Test 3) and response to a novel environment (Test 4). We used white plastic bins (50 × 40 × 39 cm) as our testing arenas. Before introducing a neon green plastic ball (8 cm 3 )-the novel object-we gave tortoises 5 min to adjust to their new surroundings. Test 4 was a holeboard experiment (Martin and Réale 2008) , in which holes were cut into the walls of the test arena. In this case we were measuring investigative behaviours in a novel environment, so we began documenting behaviour as soon as the animal was placed in the testing arena. During each test we observed for a 5-min period, recording tortoise behaviour at 15-s intervals. We recorded a total of 12 behaviours, which were categorized more broadly into investigative and not investigative (Table 1) . We then summed the total number of investigative behaviours during a given test for a given animal. The resulting sum was used to generate a measure of exploratory behaviour. Thus, each animal had a score from 0-21 for Behavioral Test 3 or 4, depending on the total number of investigative behaviours the individual displayed during the observation period.
Post-translocation monitoring
We affixed radio transmitters (Model PD-2, Holohil Systems Ltd. Carp, Ontario, Canada) that were <10% body mass to the first costal scute and released all 60 tortoises on the morning of 21 September 2012. At release, we placed each animal beneath the canopy of a perennial shrub at 50-m intervals, split evenly between the 3 release sites (20 tortoises/site). We tracked each juvenile every 2 days initially following their release, although nine individuals were tracked daily for the first 2 weeks, due to large movements. Once animals had settled they were tracked once per week during March-October and each 11 days during hibernation (November-February) until 30 September 2013. We rotated time of day for tracking each animal across weeks. At each location, we recorded positional coordinates using a global positioning device (±3 m). We also documented whether the tortoise was in a burrow or not. From this we calculated burrow use, which was the proportion of all encounters for an individual in which a portion of its body was inside a burrow. Combining Behavioral Tests 1 with 2 and 3 with 4 served to reduce the parameter load of personality scores from 4 to 2. Within each personality index, scores for individuals varied on a scale of 0-7, with larger scores indicating a bolder or more exploratory disposition. In other words, a larger Boldness Index score indicated shorter latencies to untuck after presentation of threatening stimuli during Behavioral Tests 1 and 2. Similarly a large Exploratory Index score for an individual resulted from an increased quantity of investigative behaviours recorded during Tests 3 and 4. One individual could not be assigned behavioural scores due to confusion on its identity.
Data analyses
Dispersal
We calculated dispersal distance, the straight-line distance from the release point to the secondary point of reference, from the release site at 2 time points: 2 weeks (9-16 days) and 12 months (359-368 days) post-release. Prior to analysis, we took the natural log of dispersal distances to normalize the data sets. We only included individuals that were still alive within the specified time points in a given model. We used Akaike information criterion corrected for small sample sizes (AICc) and general linear models (Burnham and Anderson 2002) to test the effect of Boldness Index, Exploratory Index, sex, and MCL on post-release dispersal at 2 weeks (n = 59) and 12 months (n = 43).
In each instance, we selected the model with the lowest ΔAICc score and the least independent explanatory variables.
Survivorship
We considered survivorship as a binary status in which an animal could be living (1) at 12 months or deceased (0) prior to then. Survivorship estimates excluded one animal that did not have a known fate, e.g. went missing with no carcass found, from the analysis. We completed a generalized linear model with a binomial distribution to test if Boldness Index, Exploratory Index, MCL, or sex predicted survival. We again selected the model with the lowest ΔAICc score and the least independent explanatory variables. Burrows represent an important component of desert tortoise thermal ecology (Zimmerman et al. 1994 ) and use of refugia in the post-release environment may exert notable effects on survival. Therefore, we completed an additional binomial regression to test the effect of burrow use on survival. To help elucidate risks faced by juvenile tortoises of size class 100-150 mm MCL following translocations we also assigned a probable cause of death based on signs near or on the carcass.
Burrow use
One potential mechanism whereby personality may influence survival following translocation is by driving an individual's ability to locate or propensity to use refugia. Therefore, we tested the relationship between frequency of burrow encounters, personality, and other traits to determine if pre-release characteristics correlated with burrow use post-translocation. We used a linear model to test the relationship between Boldness Index, Exploratory Index, size, and sex, and an individual's willingness to use or ability to find refugia (burrow use 
RESULTS
Personality index
Strength of individual response across trials and tests was correlated. For boldness, latency to untuck after a simulated raven attack correlated highly across each of the 3 trials (Trial 1 and Trial 2: r = 0.72, n = 59, P < 0.001, CI 95 = 0.56 to 0.82; Trial 1 and Trial 3: r = 0.59, n = 59, P < 0.001, CI 95 = 0.39 to 0.73; Trial 2 and Trial 3: r = 0.80, n = 59, P < 0.001, CI 95 = 0.68 to 0.87; Figure 1a ). Tortoises did, however, experience desensitization to raven attacks with repeated exposure; latency to untuck across all tortoises decreased with each subsequent trial (Figure 2) . Similarly, latency to untuck after a mammal approach correlated highly within individuals across the 2 trials (r = 0.36, n = 59, P = 0.004, CI 95 = 0.11 to 0.56; Figure 1B ). Habituation did not occur across mammalian stimuli trials. The summed scores for Tests 1 (raven) and 2 (mammal) were strongly inter-correlated (r = 0.41, n = 59, P = 0.001, CI 95 = 0.17 to 0.60). Individuals that had a longer latency to untuck after avian attacks were also more prone to remaining tucked when a mammal approached them (Fig. 3) . For exploratory tests, the total number of investigative behaviours documented during Test 3 (novel object) poorly correlated with the number documented during Test 4 (novel environment; r = 0.21, n = 59, P = 0.11, CI 95 = −0.04 to 0.44). These results suggest that our threatening stimuli (raven and mammal) are perceived and categorized as similar by tortoises, whereas our novel stimuli (object and environment) measured more different aspects of exploratory tendencies. However, Exploratory Index correlated positively with Boldness Index (r = 0.34, P = 0.009, CI 95 = 0.08 to 0.54), so measurement in one personality trait dimension was predictive across contexts in a different trait dimension.
Traits associated with personality index
The linear model for Boldness Index (F 2,54 = 4.18, P = 0.02), indicated that sex was associated with boldness level (β = 0.91, SE = 0.44, P = 0.04, CI 95 = 0.02 to 1.79) and MCL (β = 0.04, SE = 0.01, P = 0.01, CI 95 = 0.01 to 0.06). Boldness Index was positively correlated with MCL, such that larger individuals had bolder dispositions. Additionally, females tended to be less bold than males, even though males and females were equal in size. In contrast to Boldness Index, the linear model for Exploratory Index (F 2,54 = 0.09, P = 0.90), suggested that an individual's propensity for exploration was independent of other measured traits. Neither MCL (β = 0.003, SE = 0.01, P = 0.79, CI 95 = −0.01 to 0.02) nor sex (β = 0.17, SE = 0.43, P = 0.68, CI 95 = −0.01 to 0.02) correlated significantly with Exploratory Index. Thus, boldness in individuals was dependent on both sex and size with larger males being the boldest of the animals, while exploratory behaviours remained independent of both.
Traits associated with dispersal
There was large individual variation in dispersal. In their first 2 weeks, animals moved between 1 and 3961 m, with an average dispersal distance of 381 ± 701 m. The best fit model describing dispersal (AICc = 224) at 2 weeks included Exploratory Index and sex as predictor variables, and excluded Boldness Index and MCL (β = 3.73, SE = 0.95, DF = 55, t = 3.92, P < 0.001; Table 2 ). Although both Exploratory Index (t = 1.72, DF = 55, P = 0.09, CI 95 = −0.03 to 0.53) and sex tended to associate with dispersal, only sex was significantly correlated (t = 2.68, DF = P = 0.009, CI 95 = 0.31 to 2.12). Males dispersed greater distances than females (553 ± 882 m versus 237 ± 415 m, respectively). Sex was the most important predictor of post-translocation dispersal in the first 2 weeks, when the majority of dispersal occurred. By 12 months, the mean distance the 43 tortoises that survived had dispersed from their release site had increased to 577 ± 1085 m (Range: 8-6265 m); 82 ± 4% of which occurred during the first 2 weeks after release. Most animals (85%) started using a small area within the first 2 weeks of their release, a small portion of which (13%) engaged in a secondary dispersal event during the following spring or summer. The best fit model describing dispersal (AICc = 158) at 12 months also included Exploratory Index and sex as predictor variables, and excluded Boldness Index and MCL (β = 5.39, SE = 1.15, DF = 41, t = 4.67, P < 0.001; Table 2 ). After 12 months, however, surviving males and females had dispersed similar distances and sex no longer correlated with dispersal (t = 0.87, DF = 41, P = 0.38, CI 95 = −0.52 to 1.36). Exploratory Index remained independent of dispersal distance (t = 1.26, DF = 41, P = 0.21, CI 95 = −0.12 to 0.52). Thus, dispersal across 12 months was likely driven by other, unmeasured variables.
Traits associated with survivorship
Of the 60 juvenile tortoises released, 41 survived a full 365 days. One animal went missing, yielding an annual survival estimate of 69% for 59 animals. Three tortoises (2 males and 1 female) were found fully intact and likely died as a result of desiccation, starvation, or exposure. The remaining fifteen juveniles had incomplete carcasses with evidence of Canid-coyote (Canis latrans) or kit fox (Vulpes macrotis)-bite marks on their carapace. Like dispersal, the best fit model included Exploratory Index and sex as predictor variables for survival up to 12 months, but excluded MCL and Boldness Index (β = 2.71, SE = 1.33, DF = 55, z = 2.02, P = 0.04; Table 2 ). Both Exploratory Index (z = 2.13, DF = 55, P = 0.03, CI 95 = 0.02 to 0.87), and sex (z = 2.00, DF= 55, P = 0.04, CI 95 = −0.01 to 2.67) significantly correlated with survival. With a survival rate of 83%, males survived notably better than their female counterparts, who had a survival rate of only 61% across 12 months. Interestingly, individuals that had a lower Exploratory Index score (3.4 ± 1.6) were less likely to be alive after 12 months than those that were more exploratory (4.3 ± 1.5; Figure 4a ). Cohen's effect size value (d = 0.52) suggested a moderate practical significance of Exploratory Index on survival status at 12 months. The logistic regression testing the relationship between burrow use and survival found burrow use to be positively correlated with survival (β = 5.29, SE = 2.0, z = 2.52, P = 0.01, CI 95 = 1.28 to 9.29), such that tortoises that were encountered in burrows more often were also more likely to survive over 365 days after release (Figure 4b) . Therefore, post-translocation survival was greatest for males that displayed increased exploratory behaviour, as well as those tortoises that were encountered inside of burrows more often.
Traits associated with refugia use
In spite of their greater survival, males did not use or find refugia more often than females. The linear regression for factors correlated with burrow use (β = 0.77, SE = 0.23, t = 3.28, P = 0.001), indicated Exploratory Index (t = 2.03, DF = 56, P = 0.04, CI 95 = 0.01 to 0.05) was the only significantly correlated parameter, while Boldness Index (t = 0.32, DF = 56, P = 0.74, CI 95 = −0.01 to 0.02), MCL (t = 0.92, DF = 56, P = 0.36, CI 95 = −0.001 to 0.003), and sex (t = 0.64, DF = 56, P = 0.52, CI 95 = −0.07 to 0.13) failed to reach statistical significance. Animals that displayed heightened exploratory behaviour during the behaviour tests were more likely to be encountered in burrows during the year following their translocation (Fig. 5) . We added a fourth sex-only model that excludes any behavioural data for comparison of fit. The model with the least parameters and a ΔAIC less than 2 is highlighted in bold. EI, Exploratory Index; BI, Boldness Index. Figure 4 Survival in the first 12 months after translocation correlated with Exploratory Index (a), such that mean (±SE) Exploratory Indexes for individuals that survived (n = 41) were larger than for those that died (n = 18). Additionally, tortoises that survived the first 12 months were encountered in a burrow more frequently on average (±SE) than those that died (b).
DISCUSSION
Desert tortoises have personalities
Prior to translocation, juvenile desert tortoises displayed behavioural traits which were repeatable across time and context. Behavioural responses displayed by juvenile tortoises to one type of threatening stimulus (raven) were predictive of responses to the other threatening stimulus (mammal). In addition, we found cross-contextual correlations between indices of boldness and exploratory tendencies. By contrast, exploratory behaviours in different novel contexts were not significantly correlated, suggesting that we measured 2 different aspects of exploratory behaviour. Alternatively, antipredator behaviour may be inherently less variable than exploratory behaviour. Evolutionary theory predicts that the fitness consequences of more extreme deviation from optimal anti-predator behaviour should be more severe than for other behaviours (Curio 1993) . Situations that are more directly removed from predation events, such as investigating novel objects, may thus allow more situational flexibility in personality traits. This may explain why response to novel situations is more variable than response to threatening stimuli that resemble predators. To the extent that the predator model tests constituted different contexts (aerial vs. terrestrial predators; exploratory vs. boldness traits), our results indicate that personality traits were consistent across contexts, a requirement of some more stringent definitions of personality (Réale et al. 2009 ), and suggest that tortoises express behavioural syndromes-a suite of intercorrelated behaviours across two or more situations (Sih et al. 2004 ). Thus, desert tortoises join the ranks of many other taxonomic groups displaying personality (Réale et al. 2009; Sih et al. 2004; Wolf and Weissing 2012) and add further empirical evidence that reptiles have personalities (Carazo et al. 2014) . Behavioural syndromes can have farreaching consequences for species distributions, invasive potential, and ability to adapt to environmental change (Sih et al. 2004 ) and thus may be an important consideration for conservation agendas (McDougall et al. 2006 ). Although personality differences were not just the result of factors such as sex or body size, boldness scores were highly convergent across situations and dependent on both sex and size. That males were less responsive to threatening stimuli than were females is a finding consistent with other taxa in which males tend to be bolder (Harris et al. 2010; King et al. 2013; van Oers et al. 2005) . Evolutionarily speaking, males may have reproductive incentives to having bolder phenotypes than females (Croft et al. 2003; Godin and Dugatkin 1996) , a benefit which may be less likely to offset the additional risk associated with a bolder personality for females. Similarly, larger tortoises had a reduced latency to untuck following exposure to moving, threatening stimuli than did smaller ones. Predation in this species is thought to be size dependent. In particular, as shell hardness increases with size (Nagy et al. 2011) , juvenile tortoises may develop increased resistance to predators, especially ravens (Nagy et al. 2015b) . Therefore, having reduced sensitivity to threatening predator-like stimuli as animals grow is consistent with this species' ecology. Regardless of the causal relationships among these variables, inclusion of them in our analyses allows us to test the effects of personality while holding effects of morphometric variables constant, strengthening the validity of our results. A shortcoming of many personality studies is the failure to consider other intrinsic characteristics of individuals that may affect personality, complicating interpretation of tests demonstrating associations between personality and fitness (Smith and Blumstein 2008) . We recommend future tests of personality in other species, particularly when correlated to fitness, incorporate morphometric variables.
Desert tortoise personalities influence postrelease survival
Not only do tortoises have personalities, but personality traits also influenced fitness as measured by survival over one year. Exploratory behaviour was a better predictor of survival than boldness in spite of large numbers of predator-related mortalities: tortoises that showed more investigative behaviours experienced greater survival. This result contrasts with findings across species where boldness shows stronger relationships to fitness than exploration (Smith and Blumstein 2008) . While the influence of boldness on post-release success is somewhat better understood, little is known about how exploratory personality traits influence translocation outcomes. Most researchers have speculated (McDougall et al. 2006) or found (May et al. 2016 ) negative effects of exploratory personality types for translocation outcomes, positing that exploratory individuals will be more likely to put themselves into risky situations. Our results undermine this assumption and raise the possibility of alternate explanatory mechanisms: perhaps more exploratory individuals will gain an advantage by more rapidly locating resources important for survival.
Our findings on the relationships among burrow use, survival, and personality help us interpret why exploratory individuals had higher survival and shed light on the hypothesis that exploratory behaviour can have beneficial effects in novel environments. Desert tortoises are semi-fossorial and as such are highly dependent on burrows, which can take the form of self-constructed soil burrows, burrows dug by other wildlife, or cave-like structures. Adult tortoises use complexes of multiple burrows distributed throughout their home range (Franks et al. 2011 ) and presumably juveniles do as well. Translocated tortoises, however, lack the spatial awareness of residents in established home ranges, which likely possess cognitive maps of available refuges. Given that more exploratory animals were also more likely to be encountered in a burrow, investigative behaviours may have improved individuals' ability to locate refugia. Willingness to use or ability to find burrows was strongly tied to juveniles' ability to survive their first year in the wild. Presumably refuge use reduces risk of desiccation, thermal stress, (Wilson et al. 2001; Zimmerman et al. 1994 ) and susceptibility to predators. The ability to rapidly establish burrows is an important determinant of survival in translocated fossorial mammals (Shier and Swaisgood 2012) and the density of pre-existing burrows at the release site is positively associated with survival in desert tortoises ).Thus, it is possible that exploratory personality traits may be beneficial in translocation contexts across many refuge-dependent species or other species that are similarly reliant on finding one or a few exceptionally critical resources.
Although it is important to look for these kinds of generalizations, determining when certain personality traits are most beneficial, it is also important to emphasize that the value of personality traits are context-dependent (Réale et al. 2009; Smith and Blumstein 2008) and it would be naïve to suppose that an exploratory personality trait would be beneficial across contexts, even within the same species. Evolutionary theory surrounding animal personality predicts trade-offs, such as risk-takers being more prone to predation while the risk-averse face starvation (Réale et al. 2009; Smith and Blumstein 2008) . These juveniles, which were released into a remote landscape with minimal human disturbance, experienced a beneficial effect of exploratory dispositions on survival after translocation. In contexts where predation pressure may be elevated, less exploratory individuals may fare better following a translocation. For instance, regions of the Mojave Desert face significant challenges due to predator subsidization (Berry et al. 2013; Boarman 2003) . Previous releases of juvenile tortoises in those regions experienced significant predator-related mortality (Nagy et al. 2015a; Nagy et al. 2015b ). Due to the context-dependent nature of the personality effects on fitness, better understanding of interactions between animal personality and the outcomes of conservation programs can lend invaluable insight into management dilemmas. A manager with a reasonable understanding of the most prevalent causes of mortality at the recipient site may selectively use personality types most suitable to those circumstances. Ultimately, however, circumstances will change through time and space, so it is likely necessary for reintroduced populations to contain all personality types in the long-term, as the benefits of varying behavioural types include population plasticity and evolutionary potential (Watters and Meehan 2007) .
Other variables associated with dispersal and survival
Of the intrinsic individual characteristics we investigated prior to their release, sex was the only characteristic that emerged as a predictor for dispersal by juvenile tortoises. In the first few weeks, males were more likely to engage in large dispersal movements than females; this effect, however, was short-lived. Males having larger dispersal movements is, however, consistent with behavioural differences for adults of this species: males tend to occupy larger home range areas and disperse farther than females after a translocation (Franks et al. 2011; Nussear et al. 2012) . Overall, dispersal patterns across all juveniles were similar to previous juvenile translocations in which most individuals dispersed minimally from their release point and settled shortly after release (Hazard et al. 2015; Nagy et al. 2015b) .
For unknown reasons, we found that females were more likely to die than males. Female-biased mortality following translocation has been observed in adult desert tortoises (Esque et al. 2010; Field et al. 2007 ). Previously, the difference in mortality between the sexes was ascribed to sexual dimorphism, with females typically being smaller than males (Esque et al. 2010 ). However, both sexes used in this study were similarly sized, indicating the difference resulted from something other than size. We are unable to speculate as to the apparent cause for the sex differences in juvenile survival, unless dispersing out of the release sites was beneficial in this instance. If this difference in survival is real, however, then female-biased mortality in desert tortoises has meaningful conservation implications. In long-lived, polygamous species, females are critical for population growth and stability. Further research should explore this phenomenon across a wider range of study sites, body sizes, and in natural populations.
Conservation implications
Habitat quality is a variable strongly associated with post-release movements and survival in wildlife translocations (Le Gouar et al. 2012; Nussear et al. 2012 ). However, often habitat defined for conservation management actions, such as translocation, emphasizes foraging resources while ignoring habitat features that protect animals from the elements or predators (Endler 1997; Forsman and Aberg 2008) . The availability and spatial distribution of suitable refugia, such as dens and burrows, is another important but little considered factor in the design and implementation of translocation programs (Gerber et al. 2003) . As a species that spends >95% of its time in burrows (Nagy and Medica 1986) , the desert tortoise makes a good model species for understanding the role of refugia in translocation. Burrows can be an important predictor of movement and survival of translocated tortoises (Germano et al. 2012; Nafus et al. 2017 ). This study adds weight to these findings, demonstrating a fitness effect for burrow use. Desert tortoises conserve water and lower metabolic expenditures by retreating into burrows (Bulova 2002; Wilson et al. 2001) . Therefore, one possible explanation for the increased survival by juveniles that spent more time in burrows was better water and energy conservation. Burrows also likely provide important protection from predators, including Canids. A viable mechanism to improve translocation outcomes in this species and other refuge-dependent species may thus include improving understanding of behavioural or habitat characteristics that encourage use of appropriate refugia in the post-release environment. As demonstrated here, personality can be one of the factors governing refuge use and can influence conservation and translocation outcomes.
